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STUDIES IN LIFE-HISTORIES OF AUSTRALIAN DIPTERA
BRACHYCERA.

Part i. Stratiomyiidae.

No. 1. Metoponia rubriceps Macquart.

By Vera Irwin-Smith, B.Sc, F.L.S., Linnean Macleay Fellow of the
Society in Zoology.

(Plates xsvii.-xxviii., and 23 text-figures.)

Introduction.

During- the jiast twelve months I have had the opportunity of collecting, in

the neighbourhood of Sydney, many soil-inhabiting dipterous larvae, belonging,
for the most part, to the section Braehycera. Of these, I have succeeded in rear-

ing through to the imago, species of the families Stratiomyiidae, Mydaidae, Tab-

anidae, Asilidae, Therevidae, and Bombylidae. and to the pupal stage, many other,

as yet unidentified, species.

Very little work has been d(UK% in any part of the world, on the early stages
of the Braohyoera, and the Australian forms have

, been, up to the present time,
almost entirely unknown . The material now collected is therefore of considerable im-

portance, as affording an opportunity of studying the life histories of these files.

Many gaps yet remain to be tilled. In no case has it been possible to observe

all stages in the development, but it is hoped that the preliminary study of the

data obtained will prove useful as a basis for later, more extensive, investigations.

The present paper is intended as the first of a series dealing with the biology of

the group, arranged in the order of the families .

The Stratiomyiidae, usually placed by taxonomists at the beginning of the

Braehycera series, are of special interest because of the peculiar, intermediate

position which they occupy, in their mode of development, between the two great
sub-orders of Diptera, distinguished Ijy Brauer under the names Orthorrhapha
and Cyclorrhapha.

Although classed with the Orthorrhapha, and developing a more or less perfect

"pupa obtecta," they pass the entire pupal period within the last larval skin,
which constitutes a h&rd, protective case, recalling the "puparium" of the Cyclorr-

hapha. And the opening up of this case, at the emergence of the fly, is in the

form of a combination of the straight dorsal split of the Orthorrhapha, and the

anterior circular split of the Cvclorriiaplia.

A discussion of the significance of these characters is outside the scope of the

present work. Bat the Stratiomyiidae have been taken first, both on account of

the usually accepted position of the family, and because the abundance and ac-

cessibility of the material makes possible a fuller investigation of the life-liistory
of one of this gi-oup, than is the case with the majority of the other families

studied .
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I wish here to acknowledge my imlebteduess to Mr. G. H. Hardy, who is

at present engaged ou the taxonomic study of the species, Metopunia rubriceps

Macq. with which this paper deals. It was his observation and identification of

the fiy in Sydney, in 1919, which afforded me the opportunity of studying its

life-history, and 1 owe to him many helpful suggestions, and assistance with sys-

tematic work and with literature. I have also to thank Mr. C. Hedley, Acting

Curator of the Australian iluseum, for the facilities afforded me at the Museum

for carrying out the investigation; and members of the Museum staff, generally,

lor their constant helpfulness during the progi-ess of the work. To my mother

I owe the preservation of living larvae over a period of two months, when,

through illness and an enforced absence from Sydney, ^ was unable to attend

to them myself. For the execution of Plate xxvii., in collaboration with myself,

1 have to thank my friend. Miss Edith Horrocks.

Historical.

At the end of this paper 1 append a list, with accompanying bibliography, of

ail the species of tSlratiomyiidae which have been recorded in the early stages.

The latest list of this kind, of which I am aware, was published by Brauer in

1883, nearly forty years ago. In addition to being now very much out of date,

its value is impaired by the incomplete way in which the references are quoted,

and the lack of dates, and of a bibliography. Nevertheless, I have found it of

great service, in the preparation of a revised and more up-to-date list, and

have taken from it many references which I have had no opportunity of seeing

elsewliere. The bibliography, which I have added, has been extended to cover,

as far as possible, all works dealing in any way with the biology of the Stratio-

viyiidae. Here again I have been obbged to rely on earlier workers, and on

catalogues such as those of the Royal Society and the British Museum, and the

Zoological Record, for many references, since a large part of the literature

(juoted is not available to me. But I have endeavoured to make it as accurate

as possible by a comparison of records in the various catalogues. Arranged in

chronological order, and with explanatory notes, it forms in itself a brief his-

torical review of all the work done to date ou this subject. In appearance this

is of considerable bulk, but its scope is limited. Certainly, more attention has

been paid to the early stages of the Stratiomyiidae than to those of any other

family of the Brachycera. Stratiomyid larvae seem to lie plentiful in most parts

of the world, and very often live under conditions which excite interest, or where

they are readily found. But in many instances the reference to them consists

merely of a record of their occurrence, and habitat, with or witiiout a brief de-

scription of the larva. Thus Packard (1871). Lucas (1879), and Griffith (1882)

note their occurrence in the salt water, and hot water of lakes and springs;

Pearson (1882),, the finding of a larva on a very exposed ])art of an ocean

lieach, Florentin (1899), a great mass of them in excessively saline pools in

Lorraine, Markel (1844), tlieir association with a nest of ants. The larvae

which liave been most frequently recorded and described are those living in water,

especially the gener:i Odontomyia and Stratiomyia ; and of these the species Stra-

tlomyia chamaeleon L. has received the most attention. Being easily obtainable,

these species have been used by workers engaged in a study of the comparative

anatomy of the larvae of various insects, notably l)v Kunckel d'llerculais (1879),

and Viallanes (1882 18851 . Rut the descripti<ms have been, as a rule, confined
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to special organs, and no att(-'mi)t has been made to give a general and complete

account oi' the larval morphology and the metamorphosis of any of the Stratio-

myiidae. Portions of the nervous system have been described, in this way, by
Kunckel d'Herculais (1879), Viallanes (1882, 1885), and Henneguy and Binet

(18'J-J); the integument, by Leydig (1860), Viallanes (1882), and Plotnikow

(1904) ;
the malpighiau vessels, by Vaney (1900) ;

the pharynx, by Vaney (1902)
and Jusbaschjauz (1910), and the head and mouth parts, by Becker (1910) .

The most important work on the development is that of Jusbaschjanz (1910),

who deals in great histological detail with the development of the imaginal discs,

etc.
;

but he gives no account of the general metamorphosis . He explains that

such an account would require a much richer material than he had at his disposal
at the time, and that he had not succeeded in getting many pupal stages, the

few pupae he obtained being all in the later phases of development. He pro-

poses to deal more completely, in a later work, with the phenomena of meta-

morphosis and development; but, if the promised work has appeared, it has not

been accessible to me, and I have found no record of it in the catalogues. I

have not seen Swammerdam's book (1737), but, according to Jusbaschjanz, he

describes the metamorphosis of Stratiomi/s chamaeleon with an accuracy remark-
able in such an early work. Good descriptions of the external features of larvae

exist in various papers dealing with individual species; but the most important
works, from a systematic point of view, are those of Brauer (1883), and Lund-
beck (1907) . Although Brauer deals with dipterous larvae in general, his work
is very comprehensive in character. After discussing the value of larval charac-

ters in classification, and the metamorphosis of the different groups, he gives a
section on the characters of the sub-orders and families, followed, in the case of the

Stratiomi/iidae. by a systematic table (p. 23) of the larval characters of the dif-

ferent genera. Lundbeck, in his valuable work on Danish Diptera, supplies a

description of the larvae under the heading of each genus of the Stratiomyiidae,.
and finishes with a svTioptic table (p. 74) of the larvae of all Danish genera.

Little or nothing is known of the life-histories, or even of the larvae, of the
Australian Stratiomt/iidae. The only published record of the early stages of any
of this group, which I have been able to find, is that of Froggatt (1896), which
relates to Ephippiuni alhitarsifi (?) Bigot.

Observations on thh life-history of Metoponia rubrioeps Macq.
For a few weeks in the spring, and again in the autumn, this species makes

its appearance, in fairly considerable numbers, over grassy areas in the neigh-
bourhood of Sydney. Well cultivated lawns seem to be specially favoured
haunts, and the flies, which are small, with feeble powers of flight, are usually
found on, or about, the grass. They seldom rise far above the gi-ound, though
in the autumn of this year, one female specimen was captured on a window of
the third floor of the Australian Museum. Like most Stratiorayids, they are sluggish
in their habits, and remain for long periods at rest on the grass blades, where
they are easily caught by inverting a glass tube over them. Mr. G. H. Hardy
informs me that he has taken specimens from the middle of March to the end
of April, and in the early part of November, but has never seen them at other
times of the year.

The present investigation into the life-history was begun in May, 1919, when
I received from Mr. Hardy a specimen tube containing a cluster of eggs on a

grass blade, with the information that they were deposited by Metoponia rubri-
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ceps witliiii a lew liuiirs (if her capture on the morning of the IGth April.

Owing to an aeeiJontal delay in transmission, they did not reach me for nearly

three weeks, during which time they had become shrivelled and dry, and, though

kept undisturbed for another month, they failed to hatch out.

Attempts to seciu'e further batches of eggs, by confining the two sexes '.n

breeding cage* containing grass sods, all proved unsuccessful. It was found that

the flies, for the most part, remained nK)tionless in the one position from the

time they were put into the cage until their death, a period varying from three

to ten days; and no case of ovijiosition was observed.

In the following November Mr. Hardy directed my attention to the re-

appearance of M. rubriceps on a grass plot behind the Australian Museum, with

the suggestion that this might prove a natural breeding ground for it.

Te.\t-fif;.l. Larva of Metoponiix rubriceps Macq. Dorsal view, (x 10).

Text-fig. 2. ,, ., Ventral view, (x 10).

Text-fig.3. M. rubriceps. 9 emerging from larval skin, (x 6J).

Text-fig. 4. Hf. rubriceps. Empty larval skin of
f;^. (x 6J).

Text-fig. 4(7. Detached 'hoail cap' of larval skin, (x lij).

Here a small sloping bank thirty feet long by twelve feet wide, in the middle

of an asjihalted courtyard, has been formed by laying down sandy black loam,

to a depth of one to two feet, on a rubble foundation of broken bricks and

stones, and planted with paspalum and coucli grass, interspersed with dandelion

plants and other weeds. It is kept well tended, and always contains a fair
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amount of moisture, so that tlie grass grows well, with thick rhizomes and closely

matted roots.

On the Ttli November a small portion of this turf was dug up, and a search

made for larvae in soil spread out over a white concrete path. Together with

numerous Hymenopteron and Coleopteron larvae, and some cocoons of wasps,
and Syrphid flies, some twenty-eight larvae were found, of an undoubtedly Stra-

tiomyid type, ranging in size from 5 to 11 mm. (Text-flgs.l and 2) . Fourteen

of these were kept alive, and confined together in a small cylindrical glass pot,

containing an inch or two or soil, and some small grass sods, and covered witii a

glass lid. As the grass decayed, fresh sods were put in at intervals of two or

three weeks, and a few drops of water added with them, so that the soil was kept

just slightly damp. Five months later most of the larvae were still alive, but

showed very little increase in size.

On the morning of tlie 13tli April a male Metoponia rubriceps was found to

have emerged. This date corresponded closely with that on which the tlies had

been observed first on the Museum lawn in the previous year. Accordingly, on

the following morning, a visit was paid to the spot from which the larvae had

been taken. Here, large numbers of imagines, both males and females, were

found already out, swarming above the grass in fairly rapid flight, the unusual

activity l)eing due, probably, to a period of warm sunshine following several

days' rain. From Mr. Hardy I learnt that a few individuals had first appeared
a week or two before, but tliat they had not become numerous until within a

few days of this time.

Larvae were found to be jiresent in the soil in much greater numbers than

had been observed in the previous November. A rough searcii tlirough turf

taken from an area less than two feet sf|uare revealed eighty-five larvae, in all

stages of development, from lar\ae 3.2 nmi. long, to fully developed iiujiae in

larval skins 8 to 11 mm. long. Two female imagines were found just in the

act of emerging, and were killed and Hxed in this position, half way out of the

larval skin (Text-fig. 3). These were both taken just at the surface of the

soil. In the same position, among exposed rhizomes, were many empty caseS;

all showing a clean-cut, circular, aperture at one end, and measuring from 7 to

11 mm. long. In several instances the anterior extremity, forming a lid-like cap
to the case, was still lightly attached to it on the ventral side (Text-fig 4), but

broke away with the slightest movement (Text-fig. 4a).

The vertical levels, in the soil, from which larvae of different sizes were ob-

tained, were carefully noted. The fully grown larvae were all found almost on

the surface, about the junctions of stems and roots, mostly wedged in between the

thicker rhizomes, especially of the paspalum grass. In colour, and seginented

appearance, these bear a rather striking resemblance to the larvae. From this

level, down to one to two inches below the surface, fifty of the larger larvae

were taken. At a slightly lower level, three to four inches down, among the

finer grass rootlets, were smaller larvae, always in close association with the

grass. Several were found attached l)y the head-capsule to roots, and one, removed
from the soil with its head buried in the root of a dandelion plant, remained in

this position for several hours. About eighteen inches below the surface, the

sub-soil and rubble foundation of the lawn were reached. No larvae were found

at, or below, this depth, and only a very few at the ten-inch level. These last

were of medium size, from 5 to 8 mm. long.
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For the next two or three weeks Hies continued to emerge in the large glass

jar, containing grass sods, iu which these larvae were confined. They made

tlieir appearance successively on the 19th, 23rd, and 30th April, anil 3rd and

4th May. With the exception of two females on the 23rd, these were all males.

By this time most of the remaining larvae of the larger size had been chloro-

formed and dissected. Some twenty of them were found in various stages of

pupation within the larval skin; the rest still retained the unaltered larval struc-

ture.

On the 30th April, a second imago, a male, emerged from among the larvae

collected in the previous November. These two are the only ones of this collec-

tion which have emerged to date (September, 1920). Six of the larvae are still

alive, but none of them show any signs of pupating as yet.

After an interval of one month, on the 13th May, the ^Museum lawn was

again examined. Imagines were now very scarce, only one male and two females

being observed. There was a corresponding scarcity of mature larvae in the

soil, but numerous empty larval skins were found on, or close to, the surface.

In the deeper levels, among the terminal rootlets of the grass, smaller larvae

were still plentiful. Over forty were collected in a few spadefuls of earth, the

smallest of them being barely 2 mm. long, while others ranged up to 6 and 7 mm.

A few larger larvae were found closer to the surface. Of these, three were found

to contain female pupae, two of them being dead, and already beginning to decay.

From a fourth, a dead and dried, but fully-formed male imago was taken.

It seemed evident that the smaller larvae belonged to one or several younger

generations which were burrowing down to pass the winter at deeper levels, as

the mature larvae migi-ated to the surface to pupate. But it was necessary to

follow them up, later on in the winter, in order to find out just what had Ijecome

of them. Accordingly, on the 3rd August, another examination of the lawn was

made. On this occasion the soil was very damp after five or six weeks' con-

tinual rain, and only a small area of gi-ound, about the size of the surface of the

spade, was dug up. No larvae were found close to the surface, but eighteen,

varying in size from 5 to 11 mm., were found among the terminal rootlets, at a

depth of three or four inches, four larvae, from 5 to 8.5 nuu.. a little lower

down, and three from 7 to 8.5 mm. at a slightly greater depth.

It will thus be seen that larvae of very varying sizes occur at aU periods of

the year, and that except when they are about to pupate, most of the larvae

are found always at a depth of two or three inches below the surface.

Living lar\ae of all sizes, from 4 to 9 mm., and of all collections, from No-

vember onwards, are still being kept under observation, though a good many
have died or been lost, owing to the predations of rats and mice, which infest

the laboratories of the Macleay Museum, and appear to have developed a taste

for fly larvae. On several occasions glass pots left overnight uncovered, or with

loosely-fitting covers, have been fomid in the mcjrning witli the soil ovcrfnnnMl,

and all the larvae gone.

lAfe-cjicle.

Fargeau and Scivillc, as early as 1825, (|Uoting Macquart's description of

Paehygaster ater, made the statement that the larvae require more than a year

for their complete development. And West wood (1S40) says that the larva of

Clitellaria cpliippium found by Van Roser, although more tluan half-grown when

found, was two years in arriving at the perfect state. Later writers appear to

have paid very little attention to this question of the period occupied in the life-
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cycle of any of the titratiomi/iidae. Jlost of them content themselves with rather

vague statements, as. for instance, -that "the larvae hibernate, and development
takes place in the spring- and summer."' Tragardh, in his description of Paclii/-

(jatiter miiiuti.'-sima (1914) makes the observation that during the summer only
small larvae can be found, from which fact the deduction is drawn that only one

generation is produced annually, which hibernates in the larva-stage, conforming
to the aeeount given by Perris (1870) concerning Pachygaster pini. Cros, in his

interesting observations on the larval habits of Stratiornyia anubis (1911), records

that, of a dozen larvae collected on the 22nd October, 1903, four yielded ima-

gines in the following June, while from twenty-six larvae collected on the 31st

December, 1909, hve flies were obtained successively on the 25th .June, and on

the 4th July, 1910. But he gives no account of the fate of the remainder of

the larvae.

Xonc of the larvae of Metoponia riibriceps have grown very much during
their period in captivity, and some time must elapse before it is 23ossible to de-

termine the normal time occupied in larval development. However, it is already
clear that, although two broods of flies appear annually, the larval period re-

quires more than six months for its completion, and very probable that it re-

quires considerably longer than twelve months. This may be deduced from the

very slow gi-owth of larvae in captivity, and the fact that larvae, already more
than half-grown when taken in November, show no sign of pupating in the fol-

lowing Sejitember. Although it is not safe to arrive at definite conclusions from
larvae kept under abnormal conditions, these conclusions are borne out by obser-

vations in the field, since small larvae are found at all times of the year, and
larvae less than 5 mm. long five months after the last appearance of the adult

flies. The smallest larva found, being only a little more than twice the size ot

the egg, was probably still in the first larval instar when taken, one month after

the appearance of the imagines. It seems reasonable to assume that larvae of

this, and ]ierhaps the 3 and 4 mm. lengtli. hatched from the egg during the sea-

son in which they were taken.

Unfortunately, no eggs were found in natural conditions, and, though several

batches were obtained from females captured in glass tubes during the past
autumn, none of them hatched out.

^'arious methods of keeping them were adopted
—on damp blotting paper

over a layer of damp soil, in a covered glass pot; on growing rhizomes of paspa-
lum grass ; directly on damp soil ; or kept in the tube in which they were de-

posited. In most cases they were covered up from the light, and care was taken

to prevent them from becoming completely dry. Under drj- conditions they soon

shrivelled up, while, when conditions were at all damp, the eggs were continuous-

ly thickly coated with fine beads of moisture, and many of them were found to

be infested with fungus after a short time. However, a fair number retained

their normal sliape and appearance for ten weeks or more, but in no case did

they show any sign of development. It is possible that all these eggs were in-

fertile .

Ovipositinn.

Gravid-looking females taken during the morning, between 10 and 11 o'clock.

usually oviposited vei-y rapidly, the egg-laying being finished before midday.
Usually the eggs were laid on the side of the glass tube, sometimes on cotton-

wool. In one instance they were placed in a single, fairly even row, along the



512 STUDIES IN LIFE-HISTORIES OF AUSTRALIAN- DIPTERA BRACHTCERA,1.,

side of the vessel, adheriug tu one anollier laterally, and to the vessel liy means

of a stieky substance with wliich they are coated (Text-fig. 5a). But all the

others laid in tubes, as well as those obtained in the single instance in which

one female oviposited on soil in a Ijreeding cage, formed one or two clumps,

the eggs being- jiiled up iriegularly on one anotlier, though often remaining in

contact at the pole (Text-tiy. 5?').

Text-figs. P-8. Posterior end of larva of

RI. rubriceps.

Fig. 6. Lateral view. Fig." Dorsal

view. Fig.8. Ventral view, (x 10).

Text-fig. 5. a. Egg cluster ^[. ruhriceps. (x 5);

^, eg^ cluster. (xlO); c, single egg. (x.32);

d, sculpturing on chorion of egg. (x 19.S) .

The number of eggs dei)osited. in each case, by four females was carefully

counted. The numbers were, respectively, 130, lli3, l(i4, and 181. If these

tigures represent anything like the normal nund)er, the fecundity of this species

is much lower than is the case with Strdtiiniii/io clnnnaeleun Beg., for which Mik

(1896) gives the figure 630.

The Eijcj.

Tiie eggs are opaque white in colour, and elongated oval in outline, slightly

broader at one end tlian the other (Text-fig. 5c ) . They measure from .80 to .88

mm. lu length, and .22 to .27 nun. in diameter. The chorion is thin, and its

surface shows a very delicate sculpturing in the form of an irregular network

of raised lines enclosing polygonal-sluiped spaces (Text-fig. 5rf). This marking

can only be seen under high magnification, and when the chorion is torn away, or

freed fi'oin the internal contents of the eggs by clearing. Treatment with caustic

potash, or willi clearing agents, such as clove and cedar oil, did not give good

results, but more sicccss was obtained when the eggs were immersed in chloro-

form, an<l afterwards cleared in xyjnl. Tlu^y tlien mounted fairly well in Canada

balsaiii.

F.cdiis'ix.

1 ha\(' liein umililc l<> dctermiiu' the total Muml)er of ccdyses occurring during

the larval ])eriiid. Oiilv niic of tlu- larvae kept in the laboratory has been ob-

served to mnult Iwice. once on tlii' 3ril December, and the second time on the
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8th June, when 8.2 mm. long. A single moulting occurred in a number of

cases among the larvae taken in April and May. The majority of these were at

the 7 mm. stage, but tliere were a few at ti, 8, 9, and 9.5 mm. Whether these

leugtiis represent successive instars. there is not yet sufficient evidence to prove.
All the larvae escape from the old skin in much the same way. Before

moulting the skin liecomes dry and withered looking, much softer than when

functional, and a lighter colour. The process, which usually occupies about an

hour, begins by a splitting of the moult skin, along one side, from the third to the

ninth or tenth segment, tile larva slowly moving from side to side, and contract-

ing. The skin of the anal region remains intact, and that of the anterior end

is split off entire, between the thii'd and fourth segments. Frequently the larva

emerges from the posterior portion with its head still enclosed in this anterior

"cap," which is subsequently shed. The empty moult skin stands out stiffly,

retaining the same size and shape as when the larva is still enclosed in it .

The new larva' skin is a delicate white or creamy colour, its surface flecked

with glistening particles, and showing the typical hexagonal pattern very dis-

tinctly. It assumes a brownish tinge only very slowly, and is still light in colour

at the end of several weeks. Older larvae show the more normal grey-brown
colour, which tones very well with the soil in which they live. The coating of

particles of dirt which invests most of them increases this resemblance to their

environment.

Pupation.

During the period of pupation the larval skin becomes much darker, and as-

sumes a dry, rigid appearance, by which the condition is easily recognised,

although there is no change in outward fonn . Larval skins of male jiupae mea-
sure from 7 to 8 mm., those of females from 10 to 11 mm. For some time be-

fore the emerg'enco of the adult fly the pupating larva is quite motionless, and
to all appearances dead. One found in this condition on the 13th April, did

not emerge until the 30th April, so that the pupal stage occupies at least eighteen

days. This is a longer period than is given by .Jusbasehjanz, who states that

the pupal stage lasts eleven to thirteen days.

Larval Ii(ihit.'<.

The larvae are all extremely sluggisli in their movements. Usually they re-

main quite immobile for Hve or ten minutes after being disturbed; then begin
slow movements of contraction, and, if lying ventral side uppermost, roll over,

and crawl slowly and stiffly along, seeking to take cover beneath the soil, a pro-
cess which occupies half an hour or more. On a hard surface, or a layer of

soil too thin to burrow into, their rate of progression is of the order of 5 to 10

mm. in ten minutes. Larvae conflneil in glass pots in the laboratory are usually
found wedged amony' the roots of grass soon after the fresh sods are put in with

them, and sometimes adhering to a root by the head capsule. It is evident that

their main, if not only, source of nourishment is in the juices of the living plant-

But I have never been able to detect any scars, or perforations, or other evidences

of injury on the roots, and, even where the larvae are yery numerous, the grass
which harbours them shows no ill-eft'ects from their presence. While living

normally in soil in which a fair degree of moisture is present, they are able to

sustain life in much drier conditions. Individuals left for twenty-four hours or

more, without soil, in a dry Petri dish, showed no ill-effects from the experi-
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ence. Others, covereil witli a thin hiyer of sandy soil, which, owing to evapora-

tion, soon became quite dry, were still alive, and quite healthy after several days.

But larvae which had been placed in small porous flower pots, planted with grass,

were found rjuite dead, dry and shrivelled, together with the grass, when, owing
to a week's enforced neglect, the soil had been allowed to become dry and caked

hard. Returned to damp conditions none of them showed any signs of reaniina-

tion. In their powers of resistance to desiccation, therefore, they are strikingly

different from the aquatic species of Stratiomyia observed by Cros (1911), and

by Laker (1880). The former records having kept larvae of Stratiomyia
anubis in a phial containing 15 mm. depth of completely dry sand for seven

months l)efore the emergence of the imago. And Laker found a living larva

of a Stratiomyia sp. in the dry sand at the bottom of a box formerly used as

an aquarium, after it had been emptied of water, and stored in a cellar for fully

three months.

Description of the larva.

The larvae are very similar in general appearance to those of the genus

Sargus Fabr., as described by Brauer (1883), and Lundbeek (1907). But the

Sargus larva, like those of all other Stratiomyids, is said to have only eleven

post-cephalic segments, whereas a lateral view of Metoponia ruhricepa shows that

twehe segments are actually present. From a dorsal aspect only eleven seg-
ments are seen (Text-fig. 1), and in ventral view another segment is not readily

distinguishable. But, when viewed laterally, it is seen that what appears to be

the terminal segment, consists, really, of the imperfectly fused eleventh and

twelfth, the twelfth segment being directed ventrally, and di^'ided off from the

eleventh by a very oblique line (Text-fig. G).

The segments are all much broader than long, and of uniform width from

the second to the tenth; the terminal segments are slightly narrower. The bodv

is elongate, and, in the older larvae, flattened dorso-ventrally. Younger larvae

are more nearly cylindrical, larvae of 4 mm. length having a lateral diameter

of 1.0 mm., and a dorso-ventral of .93 mm., whereas the corresponding propor-
tions in a larva of 9 mm. length are 2 . and 1 . 6 mm. In transverse section

the segments have the shape of a bi-convex lens, with the lateral edges expanded
into tumid ridges, marked off from the main body, on both surfaces, by a shal-

low groove. The eleventh segment is somewhat spatulate, with a median and

two lateral convexities on the dorsal surface (Text-figs. 1 and 15). Between

the segments, the body is slightly constricted, and, in contraction, the segments
.ire imbricated, overlapping from behind forward in front of the fourth segment.
and in the reverse direction from the fourth backward. The incisure between

the tenth and eleventh segments is strongly arched forwards (Text-fig. 1).

At the anterior extremity is sit\iated the dark brown, strongly chitiniscd

head, which can be retracted into the first thoracic segment.

Integument. —The whole body is invested in a thick, firm integument of the

typical stratiomyid type, consisting of large hexagonal plates, separated by

granular areas, w'lich cause a grating sound when scratched with the point of a

needle (Text-fig. 9) This armoured coat is strongly impregnated with car-

bonate of lime. Fixation in Carl's fluid, containing glacial acetic acid, gives

rise to a rapid and long continued evolution of gas, proved, with baryta water,

to be CO2. Along the posterior nuirgin of each segment (Text-fig. 10) are

two or three transverse rows of specially differentiated amber-coloured plates
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(pi), which probal)ly mark the points of insertion, internally, of the segmental

muscles, as described by Viallanes (1882, p. 7) . Similar plates are numerous
on the eleventh segment, and in the reaion of the anus. The latter is in the

^mw^9

Text-fig.9. Spii-acle of abdominal segment, and portion of the integument surround-

ing it. (x210).

Text-fig. 10. View of lateral ridge of a segment, showing spiracle on dorsal side, and

arrangement of lateral bristles, (x 18).

Text-fig. 11. Portion of a bristle, broken off its base /'/^^. (x 210).

form of a longitudinal slit, with thick, stroni;:ly chitinised lips, situated medianly
on the ventral surface of the end segment. From it a deep groove runs back-

wards to connect with a terminal transverse split (Text-flgs. 2, 8) .

Bristles. —Long, stiff, black hairs, or, rather, bristles, are present orr all the

segments. They are very brittle, and are easily broken off at the base, so that

their regular arrangement on the body is best seen on a freshly-moulted speci-

men. In cross-section they are circular, and each consists of an outer brownish-

coloured sheath enclosing a dark solid core, which extends almost to the tip

(Text-fig. 11) . Most of them taper to a fine point. As in the larvae of the

genera Sargus, Chloromyia, Microchrysa, and in Pachygaster minutissima Zetr.,

and Xylomyia maculata Wied., each abdominal segment from the first to the

seventh bears a transverse row of six, equally long, backwardly directed bristles

on each surface. The dorsal bail's are slightly longer than the ventral, the

average lengths in larvae of 2 mm. width being about 0.7 and 0.6 mm. respect-

ively. On the dorsal surface they all slope inward, towards the mid-dorsal Ime;
those on the ventral surface form groups of three on each side, the three con-

verging posteriorly (Text-fig. 8). On each of the lateral ridges of the same

abdominal segments is a group of four bristles, in two rows, set diagonally

across the ridge, and sloping upwards and backwards from the dorsal side (Te.xt-

fig. 10). The two of the anterior row are short and blunt; the other two,

which are arrangeil alternately with them, are more than twice as long, and

sharply pointed. They are usually longer than the other body bristles, and in-

crease in length posteriorly, the longest of them, on the seventh abdominal seg-

ment, measuring 0.8 or 0.9 mm. There is a pair of short pointed bristles

on the middle of the dorsal surface of the eighth segment, a longer pair on its

lateral ridges, and a transverse row of four on the ventral surface. The lower

of the two lateral bristles is inserted just at the end of the terminal split.
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Close to the anus, ou each side, ami directed towards it, is a single short bristle.

Further back a jiair of bristles is situated on tiie ridge ou eacli side of the anal

groove, and another pair on the terminal apex ot the ridge, where it Ixiunds uie

transverse split (Text-fig. 8).

Among these large bristles there occur on the body a few very small colour-

less bristles, about 0.05 mm. long. Eight of them are in constant a.ssocuitioii

with the bristles bounding the transverse split, in which the aperture of tracheal

chamber u]iens. Two are inserted above and two below the aperture, one close

beside the bristle at the angle of tlie split, and one between each pair of apical

bristles (Text-fig. 7) . A similar hair occurs laterally on both surfaces of every

segment, just beyond and below the outermost bristles of the transvei'se rows.

Text-tig. 12. Anterior end of l:irv;i. Ventral view, (x 12).

Text-fig.i;i. ,. ,, Dorsal view, (x 12).

Text-fig. 14. Prothoracic spiracle. Surface view, (x 112).

Text-fig. 15. View looking down ou posterior end of larva, (x 22). /, terminid groove ;

s, spiracular aperture; i7, anus; D, dorsal surface; V, ventral surface.

The arrangement of the bristles on the thoracic segments is somew-hat dif-

ferent. On the dorsal surface of tiie fii'st segment there are two transverse rows,

with four small bristles in the first row, six in the second (Text-fig. 13). Meso-

and nieta-thoracic segments each bear the usual row of six on the dorsal surface.

But on the ventral surfaces of tlie tlu'ee segments there are only four. On the

prothoraeic segment these are arranged in two rows, on meso- and meta-thorax

in a single row, with the two outer bristles directed forwards instead of back-

wards (Text -fig. 12) . The lateral ridges bear each only a single pair of long
bristles, but a small colourless hair, siuiilnr to the other microscopic liairs on

the bodv, is also present.

Except in the relative length of llic bristles, the smallest larvae found (2

to 3 mm.) are exactly similai" to tlie fully-develo|ied larvae. The bristles are

proportionally much longer in the younger larvae, and give them a distinctly

hairy appearance. The two long bristles of the lateral ridges are specially well

developed, while the two smaller ones are very minute.

The Head. —The head is short, and broadly conical, having a basal width

of 0.48 mm., and a length of 0.,57 mm. in larvae of 8 mm. length. It is deep

yellowish-brown in colour, darkest in front, where it is most strongly cliitinised,

and divided into a uiedian and two lateral lolies (PI. xxvii.. figs. 1, 2) . The
median lobe terminates in a small, cylindrical process, with smooth surface, and
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l)luntly roiindeil tij). Tlu' lateral lohfs are situated some ilistaiice tuvtlier back,
0.15 mm. behind the median process. They are short, broad, rounded "bosses,"
with rugose surface, composed of thick, dark chitin. Behind them, in the pos-
terior third of the head, there is, in the clear', membranous area on each side, a

prominent eye-swelling, bounded by a semi-circular membrane. The greater part
of the upper surface of the head is covered by a broad sclerite, presenting an

irregular series of transverse ridges, with two specially prominent ones on each

side (PI. xxvii., fig. 1). In front of each of these is a small bristle. Another

very small bristle is situated on each side of the median process. At the base of

the eye-swelling on both dorsal and ventral sides is a stout prominent hair,

about 0.32 mm. long. The ventral hair is accompanied by another very small

one. Two smaller bristles, of unequal lengih, are situated in front of them,
close to the ventral base of the lateral "boss." On either side of the mid- ven-

tral line, on a level with the lateral "bosses," is another small bristle, and a

similar pair is situated further back, towards the base of the head. There are,

thus, six pairs of Ijristles on the ventral surface, and four jDairs on the doi-sal

surface. All the bri.stles appear to he sensory in character, but none of them

correspond to the jointed antennae which are said to be present on the heads of

Stratiomyid larvae. If true antennae exist I have not been able to detect them.
In the figure whicli Brauer gives of a Sargus larval head, he marks the lateral

lobe "Fuhler," but in the Metoponia head this is clearly a portion of the chitinous

skeleton. However, there is, on the ventral base of each lateral lobe, a curious struc-

ture having much the appearance of a spiracle. It is in the form of a shallow,

cup-shaped projection, with a row of tooth-like processes projecting from its

inner margin, into its cavity (PI. xxvii., fig. 2) .

The mouth parts are small, and dilfleult to distinguish, on account of the

dark colour and density of this part of the chitinous skeleton. They consist of

the median process, which probably corresponds with the structure called by
Becker (1910) the upper lip, and two pairs of small, pointed scale-like processes

lying close against its under side (PI. xxvii., fig. 2). The two inner processes
arc bent over towards each other at the tip, and so are somewhat hook-shajsed ;

the

outer are sharply ]5ointed. In structure and arrangement, these mouth parts
differ considerably from those described by Becker and others for Stratiomyid
larvae, and will be considered more fully in a later paper.

Stigmata. —The two prothoracic spiracles, situated close to the lateral mar-
gins of the segment, are large and prominent, dark brown in colour, and slightly
salient. They appear to be exactly similar to those of Patliygaster minutissima,
as described by Tragardh (1914). Two narrow oval slits open on a flat surface,
with a regular rounded outline, below which lies a larger area of chitin, of dis-

tinctive shape, shown in Text-fig. 14. A pair of very small spiracles is situ-

ated on the meta-thoracic and the first to the seventh abdominal segments, in the
lateral grooves, a little in front of the middle of the segment. They are of

simple structure, having a triangular aperture, bounded Ijy a dark brown circular
area (Text-fig. 9) . The two main tracheal trunks terminate internally, in the
last segment, in large spiracles, which open into a median pear-shaped air

chamber. This communicates with the exterior by a narrow aperture with
chitinous lips, situated at the bottom of the deep transverse split at the posterior
end (Text-fig. 15). If the supposition that a twelfth segment is really present,
is correct, this split would represent the dorsal incisure between the eleventh and
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twelfth segint'iits, and the jjositidu of the posterior spiracles would eorrespoiid with

that in which they are usually fouud in dipterous larvae ha^^ing twelve segments.

Pupal metamorphosis.

In this paper I do not propose to do more than indicate in a general way
the external features of the development of the pupa.

Jusbaschjanz (1910) has studied, in great histological detail, the metamor-

phosis of various internal organs in the larva, but says very little about the

pupa, and, so far as 1 am aware, no description exists of the stages in the

gradual change of form during its growth from the larva.

As the pupa is hidden inside the old larval skin during the whole course of

its development, it is necessary to remove the skin in order to study it. At a

very early stage in its metamorphosis, the pupa comes to lie free inside the

skin, surrounded by a watery fluid, and retaining its connection with the skin

only by means of the stigmata on each segment Its removal, therefore, is an

easy matter, and is rendered still easier by the existence of lines of weakness in

the skin at the points where it is subsequently split open by the emerging fly.

Old, empty larval skins show the lines of cleavage very well. By a clean,

circular cut round the upper part of the second thoracic segment, the portion of

the case anterior to this is separated ofi in the form of a sort of "head-cap.''
In the mid-dorsal line, the circular cut dips to form a sUght angle, and from

this point a straight split extends down to the ujiper part of the first abdonunal

segment, wbei'e it meets a second transverse split extending nearly across the

full width of the dorsal wall. After the emergence of the fly, the edges of these

splits fit closely and evenly together, owing to the rigidity of the walls, so that

the skin has the appearance of an entire ease, with a circular aperture at one

end (Text-fig. 4) .

'

These natural lines of cleavage are found to be present from the earliest

stages of pupation. The "head-cap" is easily removed by light pressure with the

point of a needle^ and a similar pressure opens up segments two to four, mid-

dorsally, in a longitudinal direction, then circularly round the fourth segment

(Text-fig. 16), so that this portion of the skin, forming a "thoracic band'" can
be stripped off in a single piece. By carefully cutting along the mid-dorsal line

of the abdominal larval skin, the pupa can be removed, still enclosed in a deli-

cate transparent Dupal membrane.
In the earliest stage of a female pupa removed in this way (PL xxvii., fig. 3)

pupal head and thorax have become differentiated, but the abdominal segments
still retain the larval shajie. and differ from those of the larva only in the char-

acter of tlie integument, and in the presence of stout, projecting spiracles with

brown chitinised tips. With this exception, the entire pupa is very soft, and

pure white. No trace remains of the hexagonal armoured plates of the larval

skin, or of the bristles, or other integumental structures. The enclosing mem-
brane fits closely over the body, and, except where it is raised into "blisters"

over developing appendages, it is not apparent.
The position of the mouth parts is indicated by blister-like swellings of this

character. Already well defined at this early stage, they form, at later stages,
much more conspicuous features of the pupal head, than do the moutli parts on
the adult.

The iliree tiioracic segments arc still distinct, and the appendages of each

are folded closely against its ventral surface, and do not extend beyond the seg-
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ment from which they originate. In the specimen shown in PI. xxvii., tigs. 3

and 4, the appendages had been stretched out for examination, and had not com-

pletely resumed their normal closely-packed condition when figured. The seg-

ments of the antennae and the limbs are indicated only by faint grooves in the

uniform, tinely-granular, white matter of which all the appendages are composed
at this stage.

The halteres are relatively much larger than in the imago, and appear

clearly as the rudiments of meta-thoracic wings (PI. xxvii., %. 4).

The first appearance of colour on the body is in the region of the eye rudi-

ments. These soft, white, rounded prominences assume a yellowish tinge about

the same time that the thoracic appendages, still white and indistinctly divided

into segments, unfold, and extend down over the ventral surface of the body.
As the eyes deepen in colour, the yellow tinge extends over that part of the

head which is orange-coloured in the adult female.

Text-fig. 16. Diagram showing way in which larval case of pupa is opened up. (x 11).

Text-figs. 17-20. Metamorphoses of posterior end of larva during, pupation, (x 12).

Fig. 17. Lateral view of early stage. Pig. 18. Ventral view of later stage.

Figs. 19-20. More advanced puirae, lateral views. 7th sp., spiracle of 7tli

abdominal segment.

At this stage the terminal abdominal segment loses its larval character, and

becomes slightly bilobed at the tip (Text-fig. 18), while a bilobed protuberance

gTOws out from its ventral surface. The latter probably originates from the

upper, or eighth abdominal segment, while the bilobed tip belongs to the ninth

(fused) segment.
The development of this terminal, or fused eighth and ninth segment, into

the external genitalia of the adult fly, is the most noticeable feature of later pupal

growtlr. It has been followed out in more detail in the female than in the male,

and is shown in Text-figs. 17 to 20. The male pupae secured did not show the

same range of developmental stages, but eight distinct abdominal segments are

present in all.

Other changes take the form of depositions of colouring matter, and of

chitin in various parts of the body, as the segments of the appendages become

more clearly defined ; and the outgrowth of hairs on these segments, and of a

fine pubescence on the abdomen (PI. xxvii., fig. 6). The wing sheaths lie flat

against the ventral surface of the body, and cover the first and second abdominal
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segments. Within tlieni the much crumpled and folded wings can be seen, very
dark in colour. The lirst pair of legs extentls down to the tip of the wing, the

second pair to the middle of the third segment, and the third pair almost to the

fifth segment. The limb sheaths lit loosely over them, and are slightly constrict-

ed at the level of each joint.

The form of the sheaths for the mouth parts is shown in PI. ssvii., fig. 7.

They consist of four thin- walled vesicles, two central, upper and lower, with

enlarged bilobed extremities, and a narrower one on each side, bluntly rounded

at its extremity, and with a small secondary lobe attached to its' upper surface.

Through their walls it is jtossible to see portions of the developing mouth parts,

at first pale yellow in colour, later darkening to a deep brown. There is a

certain amount of rigidity in the pupal skin, so that the vesicles retain their

shape unsupported by the underlying organs, these being much smaller than their

covering. When the latter is removed it is found that the lateral vesicles enclose

the maxillary palps, and the lower median vesicle the "proboscis," its bilobed

extremity forming the sheath for the labellae. The parts enclosed by the upper
vesicle are very small and inconspicuous, but a careful examination of them

Text-fig. 21. Mouth parts of pupa tlissected out from pupal slieath, surface view, (x 57).

Text-fig. 21(;. Labrum epipliaryux of same.

Text-tig. 22. Back view of the same.

Text-fig. 23. Portion of sheath of mouth parts, showing; enclosed labrum-epipharynx, and

palp.

fr.cl., f ronto-clypeus ; l.cp., labrum-epipliaryux ; ///>., hypopharyux ; in. p., maxillary

palp; pli , pharynx; lab, labella.

when dissected out (as shown in Text-figs, lil, 22) reveals the presence oT most
of the structures described by Peterson (1916), and shown in his figures of

Stratiomyia apicula. Within the proximal end of the vesicle is a small saddle-

shaped piece of ehitin, the fronto-cly))eus, which supjiorts. on its lower, invei-ted

V-shaped nuirgiu, a triangidar, beak-like process, projecting outward from tlu!

face, the labrum-epipharynx (Text-fig. 21h). In the i)upa, the line ol' juiu-tion

between the constituent parts is still visible, and the underlying epipharynx is

clearly distinguishable from tlie lal)rum. I>ying below this structure, and still

quite separate from it. is the lliin grcKivcd hypopharyux. In the inuigo (PI.
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xxvii., tig 8
J

its basal portion is united with the labnim-epipliaryux, to form the

basi-proboscis, and tlie ireu distal end is scarcely distinguishable.

The tip of the labrum-epipharynx, in the pupa, does not reach beyond the

proximal half of the slieath enclosing it (Text-tig. 23), and the existence of the

enlarged, bilobed, distal portion is puzzling. No structure is contained within

it at any stage of development. The double nature of the sheath enclosing the

maxillary palp is also peculiar, but seems to suggest the presence, originally, of

well-developed maxillae, with their galeae and laeiniae.

Between the lateral sheaths, just below tiie upper median one, there are, in

the very early pupa! stage tigured in PI. xxvii., tigs. 3 and 4, two small, tliin,

needle-like, chitin pieces, whicii are not enclosed in sheaths. These structures,

which do not appear in later stages, would seem, from their position, to repre-

sent rudimentary mandibles, though no trace of mandibles exists in the imago.

Other swellings of the pupal skin, for which no apparent reason exists,

occur on the head. A small double vesicle is situated l)etween the base of the

antennae, and the sheaths for the mouth parts (PI. xxvii., fig. 7). .Just below

the eye on each side, in the position of the gena, is, a prominent, downwardly-

projecting, hollow vesicle.

Stigmata.
—A pair of lateral spiracles is present on each abdominal seg-

ment from the tirst to the seventh. The iirst six pairs are very prominent from

the earliest stages of pupal development, and are of compli(;ated structure.

The greater ijortion of eacli one lies outside the body wall, in the region lietween

it and the pupal skin, which is here raised into a sharp peak, and strengthened

by a funnel-shaped piece of chitin. The wide mouth of the funnel faces in-

wards, and serves to protect the underlying stigmatie apparatus. This consists

of a pear-shaped bulb with thick muscular walls, penetrated by a fine lumen,

and terminating in a long slender tube, with strongly chitinised walls, wiiich

runs through the neck of the funnel, and extends out to the larval skin ( Text-

fig. 19) . The tip of the spiracle appears on tiie outer surface of the larval skin

as a dark brow-n projection in the region of the larval stigma. A slender tra-

cheal tube, g-iven off from the base of the bulb, and opening independently on

the pupal skin, is probably the original larval tracheal tulte, the pupal sjiiracle

being a secondary growth. These structures will be considered more fully in a

later paper, dealing with the tracheal system of larva and pupa. A trachea of

the ordinary type connects the base of the stigmatie bulb with a circular aperture

in the body wall. Shortly before the emergence of the imago, this tube becomes

detached from the body, and the whole stigmatie apparatus is left behind in the

pupal skin (PI. xxvii., fig. 9). The only trace of it which remains on the body,
is a wide, deep hole, with chitin rim, on the lateral margin of each segment

(Text-fig. 20).

The spiracles of the seventh )iupal segment differ from the rest. They pro-

ject very little beyond the body, and are of simple structure, lacking the gi'eat

development of chitin supports . The reason for this is seen when the larval skin

is dissected away from the dorsal wall of the pupa (PI. xxvii., fig. 5) . The first

six alidominal segments correspond exactly with the segments of the larva, and

are in close contact with the larval walls in tlie region of the spiracles. But
the terminal segments undergo a considerable change in size and shape during

metamorphosis, becoming telescoped to a certain extent, and reduced in width;
so that a wide space is left round the posterior end of the pupa, and the seventh

pair of spiracles is not opposite the corresponding pair in the larval skin, and
cannot reach the exterior to function in lireathing.
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All the figures, for both Plate and Text-figures, were drawn at stage level,

with the help of Zeiss camera lueida. and Zeiss and Reiehart oculars and ob-

jectives.

Type specimens of larva, and male and female pupae and bred specimens of

both spring and autumn broods have been deposited in the Australian Museum,

Sydney. [Specimens Nos. K 4330-1^08.]

Figures of bred specimens, both male and female, are shown on Plate xxviii.

List of the Species of STKATioiiniDAE which have beex Observed in the

Earlier Stages, with References to the Literature Relatixo to These.

[To avoid unnecessary repetition the authors ai'e quoted here only with date

and page of work. Thi' complete reference will l)e found in the lit-erature list at

the end, which is arranged in chronological order. The names of the species are

those given in the descriptions referred to. No attempt has been made to deal

%vith synonjTiiy.]

Beris chalybeata Forst.— Walker, 1851, pp. 11, 12; Schiner, 18U4, p. 24; Brauer,

1883, p. 58; Lundbeck, 1907, p. GU.

Beris .spp.— Williston, 1908, p. 165; VerraU, 1909, p. 199.

Chloromyia formosa Scopoli.— Lundbeck, 1907, pp. U5-U6, fig. 26; Yerrall, 1909,

p. 189.

Chorisops [Acti>ia) tibialis Meigeu.
—HandHrsch, 1883, pp. 243-245, fig's. 1-4;

Brauer, 1883, p. 58; Lundbeck, 1907, p. 70; VerraU, 1909, p. 204.

Chrysomyia formosa Zett. —von Roser, 1834, p. 267; Cornelius (Sargus formosus

Schrank), 1860, pp. 202-204, t. ii.; Brauer, 1883, pp. 58 and 23.

Chrysomyia polita Linnaeus.^Reaumur, 1742, t. 14, fig. 6; von Roser, 1834, p.

267: Bouche, 1834, p. 49; Scholz, 1848, -pp. 1-3, 10; Beling, 1882, p.

188; Brauer, 1883, p. 58.

CUtellaria ephippiiim Fabricius.- —Meigen, 1818. iii., p. 130; von Roser, 1834. p.

267; Westwood, 1840, p. 533, fig. 127, 8; Zeller, 1842; Markel, 1844. pp.

266, 478-480; Scholz, 1848 (?); Jaennicke, 1866, p. 226; Brauer. 1883,

p. 58 {Ephippium thoracium) ;
VerraU. 1909, p. S3.

Ephippium alUtarsis (?) Bigot.— Froggatt, 1896, p. 84, PI. ix., figs. 12, 13.

Geosarpmi (Sargus) spp.
—

Williston, 1908, p. 165.

Hermetia albitarsis Fab. —Brauer, 1883. p. 58.

Hermetia illucens L.—Bellardi. 1861, p. 26; Brauer, 1883. jk 58; Dunn. 1916,

pp. 59-61.

Hermetia spp.
—

Williston, 1908. ]>. 165.

Hoplodonta viridula Fabricius. —Lundbeck, 1907, pp. 57-58.

Microchrysu polita Linnaeus. —Lundbeck, 1907, p. 67; VerraU. 1000, p. 192.

Microchrjisa spp.
—Lundljeck, 1907. ]i. 67.

Myioehrysa spp.
—Williston, 1908, p. 165.

Nemotelus pantherinns L. —Lundbeck. 1907, p. 26, fig. 7.

Nemobelus uliginosun Linnaeus. —Halidav, 1857, p. 194; Brauer. 1883. pp. 58,

23.

Nemotelus spp.— Lundbeck. 1907. pp. 2.3-24; Williston. 1908. ].. 165.

Odontomi/ia. angulntn Panz. —Lundlieck, 1907, p. 56.

Oihiiitomiiia argevtata Fabricius. —ZeUer. 1842. col. 807; Zeller. 1846. iii.; Lund-

l)eck, 1907, p. 51.

Odontomi/ia hydroleon Linnaeus. —De Geer, 1778. vi., PI. 9. fig. 4; Brauer, 1883,

pp. 58, 23.
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Odontomyia ornata Meigcn. —Reaumur, 1742, PI. 25; Zeller, 1842; Jaennicke,

18(i(), p. 218; Brauer, 188.3, p. 58, %. 23c; Lundbeck, 1907, p. 54, figs.

20-21; Verrall, 1909, p. 143.

Odontomyia tigrina Fabr. —Lundbeck, 1907, p. 50; Jusbaschjanz, 1910, p. 685.

Odontomyia viridiila Fabricius. —
Seholz, 1848, p. 34; Brauer, 1883, p. 58;

Jusbasehjsuz, 1910, p. 685.

Odontomyia spp.— Lundbeck, 1907. p. 48; Williston, 1908, p. 165; Verrall, 1909,

p. 130.

Oxycera meigenii Staeg'.
—

Heeger, 1856, p. 335; Brauer, 1883, p. 58.

Oxycera morrisii Curtis. —
Haliday, 1857, p. 193; Verrall, 1909, p. 102.

Oxycera triliniata Linnaeus. —
Heeger, 1856, p. 335: Brauer, 1883, p. 58; Lund-

beck, 1907, pj). 31-32, 34, flg. 14.

Oxycera spp.— Bremi. 1846, col. 164; Halidav. 1857. p. 193, PI. 11; Brauer, 1883.

p. 23.

Paclvygaster ater Panz. —
Meigen, 1818, vi.. p. 344; vii., p. 104; Macquart, 1823;

St. Fargeau, 1825, p. 779; Schilling, 1829, p. 94; Seholz, 1848, p. 1-3,

19; Dufour, 1841, p. 264; Heeger, 1853, fig.; Brauer, 1883, p. 58; Verrall,

1909, p. 71.

Pachygaster leachii Curtis.— Perris. 1870, p. 212; 1876, p. 180; Verrall, 1909,

p. 78.

Pachygaster meromelas Dufour. —Dufour, 1841, pp. 264-266, figs. 17-19.

Pachygaster minutlssimus Zett.— Zetterstedt, 1851, viii., p, 2961; Brauer, 1883, i>.

58; Lundbeck, 1907 (P. minutissima). p. 21; Tragardh, 1914, pp. 192-

196, figs. 3-5; Verrall, 1909, p. 68.

Pachygaster orbitalis Wahl. —Verrall, 1909, p. 75, flg. 99.

Pachygaster pini, Ferris . —Perris, 1870, p. 210, ten figs. ; Brauer, 1883, p. 58.

Pachygaster tarsalis Zett. —Lundbeck, 1907, pp. 20, 22, flo- 4- Verrall 1909 p
72, fig. 100.

Pachygaster spp.— Westwood, 1840, p. 532, figs. 127, 129; Zetterstedt, 1851, viii.,

p. 2961; Brauer, 1883, pp. 58, 23; Williston, 1908, p. 165; Verrall, 1909,

p. 66.

Sargtis hipunctatus Scopoli.— Reaumui-, 1742, p. 59, PL 14, fig. 4. PI. 22, fio-s 5-8-

Brauer, 1883, p. 58, fig. 24.
, ^ •

,

Sargus ciiprarius Linnaeus.— Lyonet. 1832. PI. 17. fig-s. 21-24, 29; Bouehe, 1834.
p. 48, PI. 4, figs. 31-36; von Roser. 1834. p. 267; Westwood, 1840. p. 533.
fig. 127, 10; Dufour, 1846 (Comptes rendus), p. 318-319; Beling, 1882.
p. 187; Brauer, 1883, p. 58; Lundbeck, 1907, p. 61; Verrall, 1909,"p. 184.'

SargiA^s flavipes Meigen.
—Lundbeck. 1907, p. 64.

Sargus formostis Schrank. —Cornelius. 1860. pp. 202-204. PI. 2.

Sargus iridatus Scop. —Lundbeck, 1907, p. 62, fig. 24.

Sargus spp.— Perris. 1870, p. 206; Lundbeck, 1907, p. 60; Verrall, 1909. p. 165.
Stratiomya anubis Wiedem. —

Cros, 1911. pp. 99-103. figs.

Stratiomys chamaeleon Linnaeus.— Frisch. 1720. p. 10; Swammerdam, 1737. Pis
39. 40, 41; Reaumur, 1742, PI. 22; Sparmen, 1804; Schrank!, 1793. pp.'
7-25, PI. 3, figs. 1-9; Geoffroy. Entom.. ii., p. 17; Westwood, 1840. p.
532; Leydig. 1860. p. 157. fig.; Leydig, 1861, p. 39; Brauer. 1883. p
58, figs. 22. 24; Mik, 1896, pp. 110-111; Florentin, 1899, p. 274; Jus-
baschjanz. 1910. p. 685; Fanthom and Porter, 1913, pp. 609-620 PI xli •

VerraU. 1909. p. 152.
' ''
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Straliomii'm fdtuni'iUi Meij;eii.
—Fautlioni ami Porter, 1913, p. (J0!J-(i20, PI. .\li.

Stratiumyia >^pp-— Lunilbefk 1!)U7, pp. 14-15, 41, 74.

atratiomyii fiircato Fabr. —Zetti'rstfdt, 1851, i., p. 135; Brauer, 1883, p. 57, lig.

23a; Lundlieek, l'J07, p. 44, tig. 17.

Stratiomys longicornis Scop.
—Scholz, 1848, p. 34; Friedenfels, 1880, p. 1G4;

Brauer, 1883, p. 57, tig. 'I'ih; Heuneguy and Bmet, 18!>2, Isi., pp. 309-

316, PI. G; Lundbeck. 1907, p. 43; Cros, 1911. p. 101.

Stratiomys strigata Meigen [nee Fabrioius) = S. riparia.
—Kawall, 18(37, p. 124.

Stratiomys striyuvu.
—Henneguy and Buiet, 1892, cxiv., pp. 430-432.

sinitiomys spp. (Habitat) .^Packard, 1871, p. 102; also in Amer. Nat., ii.;

Lucas, 1879, p. 142; Laker, 1880, pp. 107-108; Bronguiart, 1881, p. 419;
Grifflth and Packard. 1882, pp. 599-000; Pearson, 1884, p. 1287; .John-

son, 1895, p. 229; Williston, 1908, p. 105.

Stratiomys >^))p. (,Miir])liol.).
—Kunckel d'Herculais, 1879, pp. 491-494; Viallane.s,

1885. pp. 75-78; Vaney. 191)0. p. 300.

Stratiomys spp.
—

Shinji. 1901, p. 479.

Subula citripes Dufour. —Dufour, 1840. (Sue. Kiit. Fr.). ]>. 47; Dulmir. 1847. ])p.

7-8, vi.. PI. xvii.. fig. 12.

SiiliiiUi iiKiculdta Said. —Wesiuael, 1837, Ann. Soc. Knt . Fr., vi., p. 89; West-

wood, 1840. p. 534; DutV.ur. 1847; Zettersteilt. 1851. i.. )). 130; Brauer.

188.3, p. 59; Austen. 1899 (Xylomyiu muctduia), pp. 181-190; Lundbeck.

1907, p. 82; Gorhani, 1899, (Ent. :\I(). Mag.), p. 71; Verrall, 1909, p.
223.

Siibula (Xylophayus) muryituila Meigen. —Wesmael. 1837 (Bruxelles). pp. 320-

322; 1837 (Ann. Soc. Ent. Fr.). p. 90; Frcniep. Xotizen. 1838. vi., col.

39-40; Scholz. 1848, pp. 1-3, 8-19, 49; Dufour, 1847, p. 13, PI. xvii., lig.

13; Verrall, 1909 [Xylomyia maryinata). p. 227.

Snhida piiUi]>p-< Locw. —Townsend, 1893. p. I(i3.

Subula (Xylophagns) riirict Meigen. —von Roser, 1828. ]). 188; Westwood, 1840.

p. -534, tig. 127, 14; Heeger. 1858, p. 307; Brauer, 1883, p. 59.

Xylomyia {Subula Meig.) spp.
—Lundbeck. 1907. pp. 79-80.

Zabracliia polita Co(|uill.
—.loinison, 1900, PI. 1. fig. 8.

Zabraclria spp.— AVilliston. 1908. p. 105.

T/ITKUATIRK DkAI.INc; WITH THE BlOI.OCV OF THK StDATIO.MVIIDAE.

Arranger] in chronolngicnl artier.

1720. h'Riscii, J. L. —
Beschreibnng vnn nlKily luseclcii in Teutchland, nebst

nutzliclien Annierkungen .... vim iliesen .... inlandisclien

Gewurnie. Berlin, i., .5. )). ]0.

{Stya/ioinys c/iatnaelcoii , larva).

17.37. SwAJi.MKFJMA.M. -T .
—Biblia naturae. 1737-1738. London. 1758. I'ls.

[Strafioniys (/niiiidt/foi/, larva. Structure and biography described accur-

ately and in detail with figures under the name .Isi/tis).

1742. Reai'mii;, K' . A. F. —Memoires pour servir ii I'histoire iles insectes. 4

vols. I'aris. iv., pis.

(Slralioiiiyiidae, larvae).

1778. De Gker. —Memoires pour servir ;\ I'liistnire des Insectes. 7 vols. Stock-

holm, vi., I'l. 9, tig. 4.

(Odonloiin ill hydioleoii, larva).
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1793. SCHRANK.—Beitrau' zur Naturyi'scliiclite der Stratiomi/x cliumaelenn.

Katurforscher StiicI,-, xxv'n., pp. 7-"25. tab. iii., fig. 1-9.

1801. Sp.\Rjr.\x. —Splirift fl. selnvedisfheii Akad.

{Stiatiomys c/iamaeleou , larva).

1822. Meigex, J. W.—Systematisflie IScsi-lnvihiuii; der l>ekaniiti'ii I'jm'(i|)aisflieii

ZwciHu'Teliuvn Tnsektoii. Haiiiii. iii., p. 130; vi., p. 344: \ii., |i. 104.

(F.p)nppiuiii thoraciuui, J'ar/irs^ns/er sj>y>.)

1823-1827. MAcyr ART.—Dipt, dii Noid de Fraiiee. Lille, Travaiix, 1823-24, pp.

59-244; 1825, pp. 324-499; 1820-27, iip. 213-201. LlUe, Mem. Soc.

Sci., 1827-28, pp. 149-371; 1833, pp 137-368.

{Pac/iygaster sp. larva).

1825. St. Fargeau and Serville. —Les larvcs du ^'a]>|-)(>ll Lat. Fahr. [Pacln/-

f/«.s/pr Meig'., Maoq.] Eiiciichipedie nic'tliudique, x., p. 779.

(Larvae received from Carcel l)y Macquart and described by him. His des-

cription quoted).
1828; Vox RosKR. —Beitrage zur Naturg-. d. Gatt. XijlophtKjnx. Xctlnrwiss.

Ahhandl., Stuttgart u. Tubingen, ii.. Heft. 2, p. 1S8.

(Larva of Xylotnyia varia ( Xylopbagus varius) described) .

1829. ScHii.Lixo.— Entomol. Beitrg., i.. p. 94, Tab. 8, fig. 8.

(Larvae of Pacliygaster ater under the bark of Pinus silvestris).
1832. Lvoxet, Pierre. —Recherclies sur rAiiatomie et les Metaiu(n-phoses do

difterentes especes d'Tnsectes. Ouvrage posthum. publie par
M.W. de Haan, Paris, J. Balliere, 580 pp., 54 Plan;-iie.'^.

{Sargus cuprarius larva, t. .wii., figs. 21-24, 29).

{See also Pons, Mm. Hist. Nat., Mem., xviii., 1829, pp. 233-312,

377-457; xix., 1830, ])p. 57-131, 341-455; xx., 1832, pp. 1-41.)

1834. Bouche, p. F. —
Naturgescliiclite der Insekten, besonders ilirer ersten

zustande als Larven und Puppen. Berlin.

(C/irysoinyia polita, larva, i., p.49. Sargus cuprarius).
1834. Vox RosER. —Wurttemb. ('(irrespondbl., i., p. 267.

(Larvae of Chrysomyia polita, and CIt. forinosa under stones; liphippiuin
thoraciuui larva; Sargus cuprarius h\,v\A).

1837a. We.smael, Coxstaxtix. —Sur les metamorphoses d'un Xylopliage. (Suh-
ula marrjiHata). Bull. Acad. Sci. Brii.celles, iv., pp. 320-322.

(Also in Froriep. Notizev. vi.. 1838. col. 39-40.)

1837^1. Wesmael, Cox-staxtix. —
.1)/);. ,S(ic. Kiit. i'r.. \i.. P.nll. Entomol. p.

Ixxxix-xe.

{Subula ( Xv/o)iiyia) u/aigiiin/a Mj;., or Suhu!a tiiacu/a/a larva).

1840. Westwood. —Introduction to tlie Mndcrn Classification of Insects, ii., pp.
532-534

(Preparatory sta;^es of Subu/a iiiacu/afa found in dry rotten tree in the Xew
Forest and imago reared, lipliippium thoraciuni larva, p. 533, fig. 127, 8.

Pacliygaster spp., p. 532, fig. 127, 9. Sargus cuprarius, p. 533).

1841. DuPOUE, Leox'. —Note sur la laivc du Pacliygaster meroinelas, insecte de

I'ordre de.'; Dipteres. Aim. Sci. Xal., Zool., ser. 2.. xvi., pp. 2G4-266,

figs. 17-19.

1842. Zeller.— "Dipterologische Beitrage." Oken, 7s/.s, xi.. col. 807-847.

(Odoii/oiiiyia argeiitata, Larve in feuchten Erlengeholzen, Herbst, Winter
und Friihjahr unter faulem Laube, Taubnesseln u. a. Vegetabilien. Epliip-

piuui thoracium larva, Odontomyia ornala larva).
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1844. Markel. Friedrick. —
Beitrage zur Kenntniss der unter Anifisen lebeden

Insekten. Germar's Zeitisch. f. Ent., iii., 1841, pp. 203-225; Ibid.,

v., 1844, pp. 193-271. Ucbcr die Larve von CliteUnriii rphippium.

Ibid., v.. pp. 478-481).

{Rphippium ihoraciiiin with Formica fuligiuoid).

1846. Bremi. —Beitiag zur Kunde der Dipteren. Oken, Isx^, iii., n<\. 1(34-175.

(Oxycera spp. larvae).

1846a. DlTOUR, Leon. —Sur uiie c-olonie d'insectes vivant ilaiis Tulcere de

rOrmeau. Comptes rendus Acad. Paris, xxii., pp. 318-319.

(Larvae of Sarins cupraritts)

1846b. DuFOTR, L —
Queltiue chose sur le Bruchyopa bicohir et le Subidaria cit-

ripes. Ann. Soc. Ent. Fr., ser 2, iv., p. xlvii.

(Subula ci/ripeslnrva).

1847. DuFOUR, L. —Histoire des Metamorphosts du Stibula citripes et de

quelques autres especes de ce genre de Dipteres. A)iii. Sci. Sat.,

Zool., ser. 3., vii., pp. 5-14, PI. xvii.

1848. SOHOLZ, H. —Ueber den Aufenthalt der Dipteren wahrcnd ihrer ersten

Stande. Ent. Zeit. r. Breslau, iv.. pp. 1-34.

{S!ralioinvs longiiornis, larve in Pfiitzen, p. 34; C/irj'SOi>iyia poli/ii la,rve

in Kuhdiinser, p. 1-.3, 10; Ephippiuiii thoraciiim, ? Odontomyia vitidula,

Pachygaster ater).

1851. Walker. —
Dipt. Brit. i. [probably Inseeta Britanniea. Diptera, 3 vols.].

(Larva (?) of Beris chalybeata, pp. 11-12).

1851. Zetterstedt, J. W.—Diptera Seandinaviae. Lund., i., viii.

(Larvae of Slralouiyiidae).

1853. Heegee, Eexest. —
Beitrage zur Naturgesebiehte der Tnsei-ten —Als Beit-

rage zur Fauna Oesterreiehs. Sitz. k. Akad. ll'iss. Wien, x.. pp.

7-30, 161-178.460-481.

(Figure of Pachygastcr aler).

1856. Heeger, E. —Neue Metaniorphosen einiger Dipteren. Sitz. k. Akad. Wiss.

ir/ifw, XX., pp. 335-350.

(Oxyceya meigciiii, 0.ry. triliniata).

1857. Haliday, a. H.—-Va«. hist, review, iv., pp. 177-196. On some remaining

blanks in the natural history of the native Diptera (Larvae). List

of the genera and speeies of British. Diptera, the earlier stages of

which are more or less perfectly known, with references to the prin-

cipal authorities, pp. 188-195. Additional note on the metamor-

phosis of some speeies of Diptera, hitherto undescribed, or known

but imperfectly. Proc, pp. 192-196.

1858. Heeger. E. —Beitrage zur Naturgesebiehte der Insecten. Sitz. k. Akad.

Wiss. ^]^ietl. xxsi., pp. 295-309. {Subnla i^aria, p. 307.)

1860. Leydig, Franz. —Uber Kalkablagerung in der Haut der Insecten. Larve

von Stratiomys cliamaclcoii. Arcli. f. Saturtj., xxvi.. jip. 157-160.

1860. Cornelius. —Zur Ernahrung und Entwickelung der Larven von Sargus

formosus Schrank. Ent. Zeit. Stett., xxi., pp. 202-204, t. ii.

1861. Letdig, Franz.— Berlin. Ent. Zeit., v., p. xxxix.

(.St)-atio>iiys spp. larvae).
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ISlil. Bellardi, Luigi. —
Sagi;io <li Dittt'roloyia Messicana. Mem. Acead

Torino, six., pp. 201-278.

{Hcrinctia illucens larvae numerous in closets).

18(j4. ScHiNEK. —Fauna Austrica. (Diptera). Vienna, 2 vols.

(Larva of Berts c/talybeata,i., p. 24).

1866. Jaennicke. —
Beitrage zur Kenntniss der europaisehen Stratiomyitlen,

Xylopbagiden, iind Coenomyiden. sowie Nachtrag zn den Tabaniden,

Bed. Eiit. Zeit., x., p. 218.

{Odontomyia ornata bred from a larva found in water near Frankfort.
Larva of Kpliipfiiuiu //mraciitin taken by von Heyden in a nest of Fonnica
fuligiiiosa, p. 22(5).

1807. Kawall. —Miscellanea entomologica. Stett. Ent. Zeit., xxviii., pp. 117-124.

(Transformations of Stralioiiiys strigata briefly described, p. 124. Larva
found among black ants in an old fallen Piniis sylt'estris).

1870. Ferris. —Histoire des Insectes du Pin maritime. Ann. Soc. Ent. Fr., ser.

4, X.

{Pachygaster pini larva, p. 210).
1871. Packard. —The larvae of an unknown Stratiomys found in salt water,

t'lear Lake, California. Amer. Jour. Sci. Arts, New Haven. (3),

vii., p. 102. (See also Amer. Nat., ii.).

1876. Ganin. —Materialen zur Kenntniss der post embryonalen Entwickelungs-

geschichte der Insekten. Protukolle der Sitzungen der Sektion fur
die Zoologie und vergleichende Anatomie der 5. Versammlung rus-

sisclier Naturforscher und Aerzte in Warschaic, Sept. 1876, Mitge-
teilt von Hoyer.

(S/ratiomys compared with Aiilhoiiiyia).

1879. Lucas. —Larvae of Strdtlomijs sp. living in hot water in Euboea, and very
tenacious of life. Bull. Soc. Ent. Fr., (5), ix., p. cxlii.

1879. KuNCKEL d'HERCULAis, .J. —Rechercbes morpbologiques et zoologiques
sur le systems nerveux des Insectes dipteres. Comptes Rendu.'t,

Ixxxix., pp. 491-494.

(Includes larvae of Slratio)iiyi!dae).

1880. Laker, A. G.—Entomol., xiii.. pp. 167-168.

(Larvae of Siraiioinys in winter. Habits) .

1880. FREiDExrELS, E. vox. —Ueber Artemia salina und andere Bewobner der

Sooknteicbe in Salzburg. Mitth. d. Siebenburg Vereiiis f. Nattirw.

in Hermannst., xxx., pp. 112-178, PI.

(Larvae of S/ra/ioiiiys /ongh'ortiis, p. 1(54).

1881. Brongxiart. —Note sur les Tuts quaternaires de Bernouville, pres Gisors.

BhU. Soc. Geol. France, (.3), viii., p. 419.

(Larva of Siraiioniys found).
1882. ViALLAXES, H. —Note sur les terminaisons uerveuses sensitives des in-

sectes. Bull. Soc. Philom., (7), vi., pp. 94-98.

(Nerves in skin of larva of Stratioiiiyia described) .

1882. ViALLAXES, H. —Recbercbes sur I'Histologie des Insectes, et sur les pbeno-
menes bistologiijues qui aceompagnent le developpement post-

embryonnaire de ces animaux. Ann. Sci. Xat.. (Zool. ), xiv.. 1, pp.
1-348, PI. iv.

(Includes an account of integument, nerve terminations, etc., of S/nxiioiiivs

larvae) .

(See also Bibl. Ecule, xxvi., 3, p. 348, PI. xviii.).
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1882. Griffith and Packard. —Larvae of Stratiomi/ia sj). fdund in aliot spring

in Colorado. Amer. Nat., xvi., pp. 599-000.

1882. Bkaukr, V. —Die Zweifliiaer des Kaiserlielien Aluseums zu Wien. ii.

Denkschr. k. Akad. ir/>.v. iri?«, xliv.. pp. 59-110. Taf. i., ii.

(Discusses classification for Xylopkagus and Siihlila, based on study of the

larvae, pp. 61-62).

1882. Ostex-Sacken. —On F'rot'essor Urauer's pai)er: Versiicii .einer Cliaracteris-

tik der Gattungen der Notucantlien 1882. Berlin. Ent. Zeit.. xxvi.,

ji . 3G5 .

(Prom arguments diawn from the imaj^ines, larvae, mode of pupation, and

nervous system of the larvae, determines the correct classification of Suhu/a,

etc.).

1882. Belixg. —
Beitra;;- znr Metamorphose zweiHugeliger Insecteu aus den

Familien Tabanidae, Leptidae, Asilidae. Empidae. Dolieliopididae,

und Syrpliidae. Arch. f. Naturf/., 48. 2. i)p. 187-240.

(Includes larva of Sargus cuprarius and Chrysoiiiyia polita, p.118).

1883. Brauer, F. —Die Zweifluger des Kaiserlielien Museums zu Wien. iii.

Systematise-he Studieu auf Grundlage der Dipterenlarven, nehst

einer Zusammenstellung \on Beispielen aus der Literatur uber dies-

elben nnd Beschreilmng nener Forinen. Denkschr. k. Akcuh Wiss.

Wien., xlvii., pp. 1-100. Pis. i.-iv.

(A ilctailed statement of the characters of the larvae of the various sections

in Slraiioniyiidae, even to genera, pp.22-2.S).

1883. PEAR.SOX.—Amer. Nat., xvii., p. 1287.

{Strat iomy.'i larva occurring in sea water) .

1883. Haxdlirsch. —Vcrli. .:.-b. Ge^. Wien, .xxxiii., pp. 243-245. Hgs. 1-4.

{^C/iorisops (.-Ictiiui) lihin/is Meig. larva described and figured, with remarks

on the larvae of allied genera) .

1885. VlALLAXES, H. —Sur la structure interne du ganglion optique dc quelques

larves de Dipteres (Musca, Eristalin, Stratiomijs). Bull. Soc. Philnm.,

(7), ix., pp. 75-78. See also Ann. Sci. Nat., (6), xix., Art. 4. pp.

1-34, Pis. i. and ii. Etudes histologiques et organologiques sur les

centres nerveux et les organes des sens des animaux articules.

Troisieme memoire: Le ganglion opti(|ue de ffuehiues larves de Dip-
teres (i1/i(.scf(, Eristali'^, Stratinmiis) .

1892. Henneguy, F. and Bixet, A. —Contribution a I'etude mieroscopique du

systeme nerveux larvaire de S'trntiomi/x lonriirornis. Ann. Soc. Ent.

Er.. Ixi.. ]ip. 309-310. PI. vi.

1892. Hexnec.uv, F. and Bixet, A. —Structure du systenu; nerveux larvaire

de la Stratinmys strigoaa. (.'nmptes Ttendun, exiv., ])p. 430-432.

(Sunnnary in .Toiirn. h'o/i. Micr. Soc. 1892. |i. 350.1

1893. TowxsExn.— is:«(. News, Philad.. p. 103.

{Suhiila pa/lipes larva described) .

1895. Jonx.sox. —A review of the Stratiom/iia and Oilonloniiiia of North America.

Trans. Amer. Ent. Soc, xxii.. pp. 227-278. Pis. iii. ind i\
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(Larva and metamorphosis of Eplnppinm albitarsis, p.8t, figs. 12 and i:{).
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XV., pp. 100-114.

ISi'O. Florextix. —Etudes siir la Faune des Mares salees de Lorraine. Ann.

Sci. Nat., (Zool.), X.. pp. 209-340. Insects, pp. 274-270.

(Larval habits of Slra/iomys chameleon , p. 274).

1899. ArSTEK, E. E. —On the preliminaiy sta^:es and mode of escape of the

imago of the Dijiterous genus Xiihimjiiri Rond. {Suhiihi ]Mg. et.
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pp. 181-190.

(Xyloiiiyia represents a primitive, ancestral form of Stralioiiiyiidae ifiven off

from the common stem after the evolution of the characteristic type of larva

and mode of pupation, but before the assumption on the part of the imatto
of the equally characteristic features (venation, spurless tibiae) exhibited by
tlie more specialised types of the family).

1900. Y.iXEV, V. —Note sur les tul)es de Malpighi des larves de Stratiomys.
Bull ,Soc. Ent. France, p. 360.

1901. SH.iRP.— Camb. Nat. Hist., vi., p. 479.

(Larva of Stratioiiiyiidae).

1902. ^'axey, C. —Contributions a I'etude des larves et des metamorphoses des
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(Larva of Zabrac/iia polila, pi. 1, fig. 8).

1007. LrxDBECK. TV. —Diptera Daniea, Pt. 1, pp. 13-75.

(Stratioiiiyiidae. General account of e^ga, larvae and pupae, pp. 14-15.

Synoptic table of Danish larvae, p. 74).

1908. WiLLisTOX, S. \\ .
—Manual of North American Diptera. New Haven,

3rd edit., p. 165.

Eggs, larvae and pupae of Stratioiiiyiidae. Habitat.
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1910. Becker. —Zur Kenntniss der Mundteile und des Kopfes der Dipteren
Larven. Zool. Jahrb. Anat., xxix., pp. 281-314, PI. 18, figs. 19, 20.

1010. JusBA.sCHJAXZ. S. —Zur Kenntniss der naeh embryonalen Entwiekelung
der Stratiomyiden . Jenaische Zeitscli., xlvi., pp. 681-736. 3 Taf.

1911. Cros. —Notes sur les larves de Stratiomys aiiuhis Wiedemann. Feuille

jeunes natural., Paris, xli., pp. 99-103.

1913. Faxthoji and Porter. —Kerpetomonas stratiomyiae, n.si>., a flagellate

parasite of the flies Stratiomyia chameleon and S. potainida, with

remarks on the biology of the hosts. Ann. Trop. Med'. Liverpool,
vii.. pp. 609-020. Pl. xli.

1914. Tragardh, I. —Skog-sentomologiska bidrag 1-5. Entom. Tidskrift, Upp-
sala, XXXV., pp. 188-200. Pacliyya-^ter miniitissima Zett., en under
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1916. Peterson, Alvah. —The head-capsule ami mouth parts of Diptera.

Illinois Biol. Monog., iii.. 2. pp. 1-112.

1916. Dunn, L. H. —Ilermetia illucens breeding in a human cadaver. Eitt.

News, Fhilad., ssvii., pp. 59-61.

Explanation of Plates xxvii.-xxvin,

Plate xxvii.

Metamorphosis of IMetoponia rubriceps Macq.

Fig. 1. Head of larva, dorsal view. X 45.

Fig. 2. The same, ventral view. X 45.

Fig. 3.' Pupa; early stage. Ventral view. X 14.

Fig. 4- The same, lateral view. X 14.

Fig. 5. Dorsal wall of larval case cut away to show the enclosed pupa. X 7.

Pig. 6. Pupa; Fairly advanced stage. X 14.

Fig. 7. Head of pupa, enveloped in pupal sheath. X 28.

Fag. 8. Mouth parts of imago. X 28.

Fig. 9. Posterior end of pupal sheath, removed from lar\-al case. ^ 9.

Plate xxviii.

Metopoaia rubriceps llacquart.

Fig. 1. Bred specimen of male. Emerged .April. Natural size, 5.3 mm. long

from head to tip of tail.

Fig. 2. Bred specimen of female, drawn two days after emergence, in Xovember.

Abdomen extended to much greater length than is found in most cap-

tured specimens. Natural size, 14 mm. long from head to tip of tail.

Fig. 3. Abdomen of a captured female, dorsal view, showing the more usual

appearance.


